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Blunt-nose  and  elliptical-nose  overhangs  ol  0.S5 
and  0,50  flap  chord  and  a  plain  overhang  on  a  flap 
having  a  chord  of  0.20-  aiffdil  chord  have  been  tested 
in  tv/o -dimensional  flow  on  an  NA.CA  0009  airfoil.  The 
results  of  the  tests  are  presented  as  aerodynamic; 
section’ characteristics  for  several- fla|3  def-lections 
.with  the -gap-,- at  ■  the  flap  nose  .sealed  or unsealed.  ’  "  ' 

Tests  were  made  also -to  deteimiine  ‘ the  eff ectlveness  of  ' 
a  tab  of  0.20.  flap  chord  -on  the  plain  sealed  flap  and'-' 
on- a-' sealed- flap  having -an  elliptical  overhang  of  0135 
flap,  chord.  The  pressure,  difference  across  the  .'flap 
seal,  was ^ also  determined  for  :the.  plain  sealed  flap. 

The,  results  Indicated  .that 'the  plain -sealed  flap'  ' 
had  the  l^rgest.Xlif t-curve  slope,  whereas  -the  slopes 
-.for- the  0.50-flap^hord  overhangs  were  -the  same 'as'  'or 
slightly  larger  than  for  the' 0.-35-'f lap-chord  overhangs. 

A  reduction- in  slope -caused., by  unsealing  ;the  flap  gap 
increased  with  balance,  chp.rd. 

'  -  .  ■  i  ' 

t  '  ' 

The  .change.,  in  lift  coefficient-  with  flap  deflection 
generally  increased  when  the  gap  waa  sealed  and  v/hen  the 
balance  nose  shape  was  changed  from  elliptical  to  bltint. 

Sealing  the  flap  gap  'generally  made  the  variation 
of  flap  hinge-moment  coefficient  v/ith  angle  of  attack 
and  with  flap  deflection  more  negative..  Changing  the 
nose  sh'ape’  from  biun't  to  elliptical  made  the  variation 
of  the  flap  hinge-moment  coefficient  v;ith  angle  of 
attack  more  negative  for  the  sealed  gap... and-  more  positive 
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for  the  unsealed  gap.  At  small  flap  deflections,  the 
variation  of  flap  hinge -moment  coefficient  with  flap 
deflection  was  more  negative  for  the  elliptlcal.-nose 
than  for  the  hlunt-nose  flap;  at  large  deflections, 
however,  this  variation  was  more  negative  for  the  hlunt- 
nose  flap. 

The  change  of  flap  hinge-moment  coefficient  with 
flap  deflection  for  the  unsealed  hlunt-nose  overhang 
had  a  larger  variation  v/ith  balance  chord  than  the 
change  of  flap  hinge-moment  coefficient  with  angle  of 
attack;  for  the  sealed  hlunt-nose  overhang,  these  vari¬ 
ations'  were  about  the  same  in  the  range  of  balance  chord 
from  0.35  to  0.50  flap  chord.  For  the  sealed  and  unsealed 
elliptical-nose  overhangs,  the  change  of  flap  hinge- 
moment  coefficient  with  angle -of  attack  had  a  larger  vari¬ 
ation  than  the  change  of  flap  hlnge-moraen-t  coefficient 
with  flap  deflection.  " 


-INTRODTJCTiaN  ' 


The  NACA  is  conducling  an'  extensive  Inve-atigation 
to  determine  the  characteristics  of  vari-orus  types  of  flap 
arrangement  suitable  for  use  as  control  surfaces  and  to 
provide  data  for  design,  purposes .  The  inveatigatlon, 
which  was  made  in  the  Langley  4-  by  6-foot  vertical  tunnel, 
has  Included  tests-Of  modifications  of  flap -profile , 
trailing-edge  angle,  gap  size,  flap  nose  shape,  and  balance 
chord;  however,  most- of  these  tests  have  been  made  in 
two-dimensional  flov/  with  a  .flap  having  a  chord  30  percent 
of  the  airfoil  chord  (G.  30c)  .  The  present  test's  -have- 
extended  the  investigation  of  balance  chord  and  flap  nosd- 
shape,  which  was  reported  In  reference  I  for  a.  O^lOc’  flap, 
to  a  0.20c  flap.  Data-en  the  presaur.e- across  the  flap 
nose  seal  and  a  method  ef  applying'  these  pressure  -data  in 
the  design  of  internal  .balance's  are  presented.  Tab  data, 
are  presented  for  the  p.lain  flap  and  for  a  .flap' with 
aerodynamic  balance. • '  -  '  . 


-.SYimOLS' 


The.  coefficients -and  symbols  nsed  In-  thl-s  paper' 
are  defined  as  follows r' 

c^  airfoil  section -lift- coefficient  (l/qc)- 


3 


NAGA  ARR  No.  L5P06 


Cm 


°hf 

“bt 

f'R 

where 

I 

m 


hf. 


°t 

q 

Pl 

Pr 

and 


airfoil>  section  profile-^drag  coefxicient  (do/qc)' 

airfoil  section  pitching-moment  coeffi¬ 
cient  (m/qc^) 

flap  section  hinge-moment  coefficient  |h^/qC|.^) 
tab  section  hinge-moment  coefficient  ^h^/qc^?^ 
resultant  pressure  coefficient 


airfoil  section  lift  .  • 

airfoil  section  profile  drag 

airfoil  section  pitching  moment  about  quarter- 
chord  point  of  airfoil;  positive  moment 
moves  nose  of  airfoil  up 

flap  section  binge  moment  about  .flap  hinge 
axis;  positive  moment  moves  trailing  edge 
down 

tab  section  hinge  moment  about  tab  hinge  axis; 
positive  moment  moves  trailing  edge  down 

chord  of  basic  airfoil  with  flap  and  tab  neutral 

flap  chord  from  flap  hinge  axis  to  trailing  edge 

tab  chord  from  tab  hinge  axis  to  trailing  edge 

free-stream  dynamic  pressure 

static  pressure  on  lower  surface  of  seal 

static  pressure  on  upper  surface  of  seal 


balance  chord 

angle  of  attack  for  airfoil  of  infinite  aspect 
ratio;  positive  v/hen  nose  of  airfoil  moves  up 
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6x.  flap  deflection  with  respect  to  airfoil;  positive 
when  trailing  edge  is  deflected  down 

6^  tab  deflection  with  respect  to  flap;  positive 
when  trailing  edge  is  deflected  down 


= 


do. 


'0^-  Vda 


o/6f,6t; 


C7. 


H 


6f  = 


"6c/ 


®o>®t 


5f 


^^trr  = 


h-i 


a  \6ao 


6f,  6t 


6.^-  = 


“o'®t^ 

ttoiSf 

V6c7.  > 


la 


.c  c- 


“o.6t 


The  subscripts  outside  the  parentheses  represent  the  . 
factors  held  constant  during  the  measurement  of  the 
parameters.  ;  .  - 


NACA  ARR  No.  L5P06  5 


APPARATUS  MW  MODEL 


The  tests  were  made  in  the  Langley  4-  by  6-foot 
vertical  tunnel  described  in  reference  2  and  modified 
as  described  In  reference  3. 

The  model,  when  mounted  in  the  tunnel,  completely 

spanned  the  test  section  except  for  ^-inch  clearance 

.gaps  between  the  model  and  the  tunnel  v/alls.  V/ith  this 
type  of  installation,  two-dimensional  flow  is  closely 
approximated  and  the  section  characteristics  of  the 
airfoil,  flap,  and  tab  may  be  determined.  The  model 
was  attached  to  the  balance  frame  by  torque  tubes  that 
extended  through  the  -sides  of  the  tunnel.  The  angle  of 
attack  was  set  from  outside  the  tunnel  by  rotating  the 
torque  tubes  with  an  electric  drive.  Flap  deflections  were 
set  by  an  electrical  position  indicator,  and  tab  deflec¬ 
tions  were  set  by  a  templet.  The  hinge  moments  of  the 
flap  v;ere  measured  with  a  special  torque-rod  balance 
built  into  the  model. 

Tab  hinge  moments  were  measured  by  an  electrical 
strain  gage  installed  in  the  model.  For  tests  of  the 
plain  sealed  flap,  the  pressure  difference  across  the 
gap  seal  was  measured  on  a  manometer. 

The  model  (fig.  1),  which  had  a  chord  of  2  feet 
and  a  span  of  4  feet,  was  made  of  laminated  mahogany 
(except  for  a  steel  tab),  was  aerodynamically  smooth, 
and  conformed  to  the  NAGA  0009  profile  (table  I).  It 
was  equipped  with  a  0.20c  flap  and  a  0.20cf  plain  tab. 

The  .flap  had  a  plain  , nose  with  a  radius  that. was  approxi¬ 
mately  one-half  the  airfoil  thickness  at  the  flap  hinge 
axis  or  was  fitted  with  O.SSc^  or  O.SOc^  blunt-nose  or 
elliptical-nose  aerodynamic  balances.  The  elliptical 
nose,  the  ordinates  of  which  are  given  in  table  II,  was 
a  true  ellipse  tangent  to  the  airfoil  contour  at  the 
flap  hinge  axis.  The  radii  shown  in  figiire  1  determined 
the  blunt  and  plain  noses* 

The  various  nose  blocks  were  interchangeable  and 
were  fastened  to  the  flap  at  the  hinge  axis.  In  order 
to  keep  the  pap  at  the  flap  nose  at  0.005c,  blocks 
corresponding  to  each  balance  chord  were  attached,  to 
the  airfoil  just  ahead  of  the  balance.  For  the  sealed- 
gap  tests,  airtight  fabric  was  fastened  between  the  flap 
nose  and  the  airfoil. 
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The  0.20cf  tab. had  a  nose  radius  approximately 
one-half  the  airfoil  thickness  at  the  tab  hinge  axis. 

The  tab  gap  was  0.001c  for  all  the  tests. 

TEST'S 


A  dynamic  pressure  of  15  pounds- per  square  foot, 
which  corresponds  to  a  velocity  of  about  76  miles  pe-r 
hoi^"  at-  standard  sea-level  conditions,  v;as  used  throughout 
the  tests.  The  test  Reynolds  number  was  1,430,. 000  and 
the  effective  Reynolds  niimber  was  approximately  2,760,000. 
(Effective  Reynolds  number  Test  Reynolds  number  x  . 
Turbulence , factor .  The  turbulence  factor  for  the  Langley 
4-  by  6-foo.t  vertical  tunnel  is  1.93.)  The  Mach  number 
for  the  tests  was  about  0.10. 

The  maximtun  error  in  angle  of  attack  appears  to 
be  ±0.2°.  It-  is  estimated  that  the  flap  and  tab  deflec¬ 
tions  vere  set  within  ±0.2°. 

An  experimentally  determined  tunnel  correction  was 
applied  to  the  lift  coefficient.  In  accordance  with  a' 
theoretically  derived  analysis  similar  to  that  presented 
in  reference  4  for  finite-span  models,  the  angle  of  attack 
and  the  hinge-moment  coefficient  v/ere  corrected  for  the 
effect  of  streamline  curvature  induced  by  the  tunnel 
walls.  .  The  increments  of  drag  coefficient  are  believed 
to  be  reasonably  independent  of  tunnel  effect,  although 
the  absolute  value  is' subject  to  an  unknown  correction. 
Inaccuracies  in  model  construction  and  assembly  of  inter¬ 
changeable  blocks,  probably  caused  the  small  flap  hinge 
moment-  at  =  0°  and  =  0°.. 

A  summary  of  Information  for , convenience  in  locating 
the  data  for  the  various  model  configurations  is  presented 
in  table  III. 


RESULTS  AND  DISCUSSION 
Lift 


The  lift-co'efficlent  curves  for  the  plain  flap  and 
for  the  flaps  with  various  overhangs  are  given  in  figures  2 
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'to  llfor  the  flap  gaps  both  sealed  and  unsealed.  These 
curves  were  nonlinear  at  large  flap  deflections.  The 
flaps  with  elliptical-nose  overhangs  generally  developed 
lift  to  larger  flap  deflections  than  those  v/ith  hlunt- 
nose  overhangs. 

Parameter  values  obtained  from  figures  2  to  11  are 
summarized  in  table  IV.  The  variations  with  balance 
chord  of  the  lift  parameters 

given  in  figure  12. 

,  'jVith  the  gaps  sealed  and  unsealed,  the  plain  flap 
had  the  largest  values  of  the  slope  of  the  lift  curve 
whereas  the  values  of  Cj  for  the  0.50c^  overhangs 
were  the  same  as  or  larger  than  for  the  0.35c^  overhangs. 

This  variation  was  similar  for  the  0.40c  flap  (reference  1) . 
A  reduction  in  '  c,  caused  by  unsealing  the  gap  increased 

with  balance  chord. 


The  value  of  usually  larger  for  the  blunt 

than  for  the  elliptical  nose.  Except  for  the  flap  with 
the  0.50cf  blunt -nose  overhang,  sealing  the  gap  increased 


The  flap  lift  effectiveness  parameter  'decreased 

as  the  balance  chord  increased,  except  for  the  flap  with 
the  unsealed  blunt-nose  overhang,  and  was  '■usually  larger 
for  the  blunt-nose  than  for  the  elliptical-nose  overhang. 
Sealing  the  gap  increased  ag^  for  the  elliptical-nose 

overhang  and  the  plain  flap  but  generally  decreased  it 
for  the  blunt-nose  overhang.  The  values  of  ag^  given 

in  table  IV  and  figure  12  were  measured  over  a  small 

flap  deflection  range  at  .oi  -  0  and  therefore  are  mainly 

useful  as  a  comparison  of  the  various  configurations  tested. 


Hinge  Moment 

The  curves  of  flap  hinge -moment  coefficient ’ as  a 
function  of  angle  of  attack  at  constant  flap  deflections 
are  presented  in  figures  2  to  11  for  the  plain  flap  and  for 
the  flaps  with  various  overhangs.  No  appreciable  flap 
oscillations  were  noticed  throughout  the  flap . deflection 
range  tested,  although  such  oscillations  occurred  on 
the  0.40c  flap  (reference  1) . 
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The  hinge-moment  parameters 


presented  in  table  IV  and  plotted  against  balance  chord 
in  figure  13  indicate  that  the  0,50c_f  blunt-nose  over¬ 
hang  was  overbalanced  ^‘^hfg  positive^  and  had  a 

positive  cji^  for  the  gap  sealed  and  unsealed.  (Values 


were  determined  at 


and  at 


=  0^ 


and  values  of  <^hfg  were  aeuerminea  at  Uq  =  O'"  ana 

small  flap  deflections.)  The  0.20c  flap  v/as  found  to 
be  overbalanced  for  conditions  similar  to  those  for 
which  the  0.40c  flap-  tested  on.  the  same  airfoil 
(reference  1)  had  been  overbalanced.  _  For  the  flap  v/ith 
the  O.SOcf  overhang,  *^hfQ  could  be  made  negative  by 

the  use  of  a  tab  deflected  in  the  same  direction  as  the 
flap  / 

The  0,50c^  elliptical-nose  overhang,  v.'ith  sealed 
and  unsealed  gap, had  a  positive  cj^^  at  6f  =  0^5 

at  larger  flap  deflections,  however,  an  increase  in 
angle  of- attack  or  flap  deflection  generally  gave  a 
negative  increment  of  hinge-moment  coefficient  (figs.  10 
and  11) .  For  the  O.SOc^  blunt-nose  overhang,  flap  . 

deflections  up  to  approximately  15°  gave  positive  incre¬ 
ments  of  hinge-moment  coefficient;  changing  the  flap  to 
larger  deflections  gave  negative  increments. 

Figure  13  indicates  that,  for  the  unsealed  bl\mt- 

nose  overhang,  c^^  *  had  a  larger  variation  v/ith 

1 

balance  chord  than  Cj^^  ;  for  the  sealed  blunt-nose  . 
overhang,  the  variations  of  cj^^  and  '^h^g  were  about 

the  same  in  the  range  of  balance  chord  from  0.35Cf, 

to  0.50C|v.  For  the  sealed  and  unsealed  elliptical-nose 
overhangs;  had  a  larger  variation  than  • 

^  d 

Changing  the  nose  shape  from  blunt  to  elliptical 
made  more  negative  for  the  sealed  gap  and  more 

positive  for  the  unsealed  gapl  Changing  the  nose  shape 
from  blunt  to  elliptical  also  made  Cy,.  more  "negative 


were  determined  at 


at  ^all  flap  deflections  and  less  negative  at  large  flap 
deflections . 
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Sealing  the'  gap  at' 
and  more  negative 

Since  the  aspect-ratio  corrections  for . streamline 
curvature  are  always  positive  (reference  5)  and  since  the 
hinge-moment  parameters  are  very  small  and  the  signs  are 
critical  for  several  of  the  flaps  with  overhangs,  the 
slopes  may  change  from  negative  to  positive'  and  produce  ■ 
an  overbalanced  flap  on  a  finite- span  wing. 

Because  the  hinge-moment  parameters  shown  in  table  IV 
represent  the  slopes  of  the  curves  at  5f  =  0*^  and  Uq  =  0°, 
these  parameters  should  be  used  inainly  a-s'  ah  indication  of 
the  relative  merits  of  the  different  flap'  hose  'shapes. 

Because  the  tabulated  slopes  are  valid  for  only  a  small 
range,  the  curves  of  hinge-moment  coefficient  should  be 
used,  rather  than  the'  tabulated  parameters,  in  the  calcu¬ 
lation  of  the  characteristics  of  h,  control  surface."' 


the  flap  nose  generally  made  cj^^^ 


6f 


..Pitching  Moment  '  •  ' 

Values  of  the  pitching -moment  parameters 


and 


Sf  .^t 


are  shown  in. table  IV  and  indicate  the 


a,6t 


position  of  th,e  aerodynamic  .center  with  respect  to  the  0.25c 
point.  When  the  lift  was  varied  by  changing  the  angle  of 
attack  at  6f  =  0®,  the  aerodynamic  center  for  the  plain 
sealed  flap  was  located  at  the  0.25c  .point;  the  aerodynamic 
center  for  the  balanced  flap  with  sealed  gap,  regardless 
of  balance  chord  or  nose  shape,  was'near.the  0.24c  point. 

The  effect  of  unsealing  the  gap  v/as  to-  move  the  aerodynamic 
center  0.01c  forward. 


The  center-of-llft  positions  due  to.  flap  deflections 
up  to  approximately  15°  are  given  in  the  following  table: 
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Gap 

Center-of-lift  position  caused  by  flap  deflection 

(percent  c) 

j  0.35c^  overhang 

1  ^ 

0 . 50c^  overhang 

Plain 

overhang 

Blunt 

nose 

'Elliptical 

nose 

Blunt 

nose 

Elliptical 

nose 

Sealed 

0  .'Q05c 

46 

46 

■  45 

44  . 

1  • 

44 

47 

!  44 

43 

46 

50 

This  table  indicates  that  the  center-of-lift  position 
was  the  same  for  .the  plain  flap  whether  the  gap  was 
sealed  or  imsealed.  The  effect  of  unsealing  the  gap  or 
of  increasing  the  balance  chord  was  to  move  the  center- 
of-lift  position  due  to  flap  deflection  forward  on  the 
blunt-nose  and  rearward  on  the  elliptical -nose  flap. 

The  center-of-lift  position  caused  by  flap  deflection  is  • 
a  function  of  the  aspect  ratio  (references  5  and  6)  and 
moves  rearward  as  the  aspect  ratio  decreases. 


.  Drag 

Because  of  an  undetermined  tunnel  correction,  the 
measured  values  of  drag  cannot  be  considered  absolute,, 
but  relative  values  of  drag  are  thought  to  be  independent 
of  tunnel  effect. 

The  increments  of  section  profile-drag  coefficient 
caused  by  flap  deflection  are  presented  in  figure  14 
for  the  plain  flap  and  in  figure  15  for  the  0.35c^ 
and  0.50c^  bl\mt-nose  ovenhangs. 


Tab  Characteristics 

Because  the  characteristics  for  a  tab  on  a  flap 
with  aerodynamic  balance,  in  general,  are  similar  to 
those  for  a  tab  on  a  plain  flap  (references  3  and  7) 
and  are  usually  independent  of  flap  nose  shape  (refer¬ 
ence  7) ,  only  a  limited  investigation  of  tab  charac¬ 
teristics  has  been  made. 
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•The  aerodynamic  section  characteristics  as  a  function 

of  angle  of  attack,  for  a  tab  ratio  =  +i^  are 

presented  in  figure's  16  and  17  for  the  plain  sealed  flap 
and  for  the  0.35c^  sealed  elliptical-nose  overhang, 

respectively.  The  values  of  cj^^  for  the  0.35c^ 

elliptical-nose  overhang  (figs.  7  and  17)  were,  in  general, 
the  same  as  or  slightly  less  than  the  values  for  the  ' 
plain  flap  (figs.  5  and  16)'.  Y/ith  the  tab  deflected  and 
with  6f  =  0°  (fig.  18),  0.017  and  C]^^ 

was  -0.012  for  the  plain  sealed  flap.  The  tab,  in  general, 
was  slightly  more  effective  in  producing  lift  on  the  plain 
flap  than  on  the  flap  with  the  0.35cf  overhang.  The 
effectiveness  of  the  tab  in  changing  the  flap  hinge  moment 
decreased  with  tab  deflection.  A  comparison  of  figures  3 
and  16  with  figure  18  showed  that  the  tab  effectiveness 
generally  was  the  same  whether  the  flap  was  at  0^  or 
deflected. 


Pressure  Difference  across  Plaln-Plap  Seal 


The  variation  of  resultant  pressure  coefficient 
across  the  plain-flap  nose  Seal  with  angle  of  attack  at 
cohstant  flap  deflections  is  shown  in  figur'e  19.  The 
change  in  resultant  pressure  coefficient  with  angle  of 

(  6  Pd\ 

attack  {  .r — h-j  was  found  to  Increase  with  flap 

deflection.  ^  ^ 


The  data  of  figure  19  can  be  used  with  those  of 
figure  3  to  determine  the  flap  section  hinge-moment 
coefficient  at  a  given  angle  of  attack  and  flap  deflec¬ 
tion  for  a  0.20c  flap  with  an  internal  balance  on  an 
MCA  0009  airfoil.  It  can  be  shown  that 


(Chf)ig  -  Chf 


+  PrK 


where 


section  hinge-moment  coefficient  for  flap  with 
internal  balance 


/ 
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section  hinge-moment  coefficient  for  plain  flap 
with  gap  sealed,  obtained  from  figure  3 


Pp  resultant  pressure  coefficient,  obtained  from 

^  _  -1  /-I  ✓ 


K 

t 


figure  19 
constant,  obtained  from  figure  20 


i\2 


semithickness  at  hinge  axis 
’  balance  chord  plus  one-half  gap  width 

The  hinge-moment  parameters  cji^  and  Cj^^ 


deter¬ 


mined  from  flap  hinge-moment  coefficients  obtained  by 
equation  (1)  are  plotted  in  figure  13  for  internal  balances 
of  various  chords. 


CONCLUSIONS 


Bliont-nose ,  and  elliptical-nose  overhangs  of  35 
and  50  percent  flap  chord  ^0.35Cf  and  0.50C|.^  and  a  plain 
overhang  on  a  flap  having  a  chord  20  percent  of  the  air-, 
foil  chord  (0.20c)  have  been  tested  in  two-dimensional 
flow  on  an  NACA  0009  airfoil.  A  limited  investigation 
was'  also  made  of  the  characteristics  of  a  0.20cp  plain  tab. 

The  results  of  the  tests  indicated  the  follov;ing  con¬ 
clusions';  . 

1.  The  slope  of  the  lift  curve  was  largest  for  the 
plain  sealed  flap,  whereas  the  slopes  for  the  0.50c|> 
overhangs  were  the  same  as  or  slightly  larger  than  for 
the  0.35cf  overhangs.  A  reduction- in  slope  caused  by 
unsealing  the  gap  increased  with  balance  chord. 

2.  The  variation  of  lift  coefficient  with  flap 
deflection  generally  increased  when  the  gap  was  sealed 
and  when  the  nose  was  changed  from  elliptical  to  blunt. 

3.  The  flap  lift  effectiveness  parameter  a5|. 

generally  decreased  when  the  overhang  chord  was  increased 
and  was  usually '  larger  for  the  blimt-nose  than  for  the 
elliptical-nose  overhang.  Sealing  the  gap  increased 
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for  the  plain  flap  and  for  the  elliptical-nose  overhang 
but  generally  decreased  it  for  the  blunt-nose  overhang. 

4.  Sealing  the  gap  at  the  flap  nose  made  the  varia¬ 
tion  of  flap  hinge-moment  coefficient  with  angle  of  attack 
more  negative;  changing  the  nose  shape  from  blunt  to 
elliptical  made  this  variation  more  negative  for  the  sealed 
gap  and  more  positive  for.  the  unsealed  gap. 

5.  The  variation  of  flap  hinge-moment  coefficient 
with  flap  deflection  was  generally  more  negative  with  a 
sealed  gap  than  with  an  unsealed  gap.  Changing  the  nose 
shape  from  blunt  to  elliptical  made  this  variation  more 
negative  at  small  flap  deflections  and  less  negative  at 
large  flap  deflections. 

6.  The  change  of  flap  hinge-moment  coefficient  with 
flap  deflection,  for  the  unsealed  blunt-nose  overhang, 
had  a  larger  variation  with  balance  chord. than  the  change 
of  flap  hinge-moment  coefficient  with  angle  of  attack; 
for  the  sealed  blunt-nose  overhang,  these  variations  were 
about  the  same  in  the  range  of  balance  chord  from  0.35cjp 
to  0.50c^.  For  the  sealed  and  xmsealed  elliptical-nose 
overhangs,  the  change  of  flap  hinge-moment  coefficient 
with  angle  of  attack  had  a  larger  variation  than  the 

change  of  flap  hinge-moment  coefficient  with  flap  deflection. 

7.  For  all  conditions,  unsealing  the  gap  moved  the 
aerodjmamic  center  forward  about  1  percent  airfoil  chord. 
Unsealing  the  gap  or  Increasing  the  balance  chord  moved' 
the  center-of-llf t.  position  due  to  flap  deflection  forv/ard 
for  the  blunt-nose  and  rearward  for  the  elliptical-nose 
flap. 


8.  The  tab  was  slightly  more  effective  in  changing 
the  'lift  and  the  flap  hinge  moment  on  the  plain  flap  than 
on  the  flap  with  0.35c^  elliptical-nose  overhang. 


Langley  Memorial  Aeronautical  Laboratory 

National  Advisory  Committee  for  Aeronautics 
Langley  Field,  Va. 
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TABLE  I 


ORDINATES  FOR  NAGA  0009  AIRFOIL 


[stations  and  ordinates  In  percent  airfoil  chord] 


1 

Station 

Upper  surface 

- - — - - - - - 

I 

Lower  surface 

0 

0  ■  . 

0  0 

1.25 

1.42 

-1.42 

2.5 

1.96 

-1.96 

5 

2.67 

■  -2.67- 

7.5 

3.15 

-3.15 

10 

3.51 

-3.51 

15 

4.01 

-4.01 

20- 

■  ■  4.30 

-4,30 

25 

4.46 

-4.46- 

30 

4.50 

-4.50 

.40 

4.35 

-4.35 

50 

3.97 

-3.97 

60 

5.42 

^  -3.42  - 

70 

2.75 

-2.75 

80 

1.97 

-1.97 

90 

1.09 

-1.09 

95 

.60 

-.60 

100 

(.10) 

(-.10) 

.  100 

0 

0 

L.E.  radius:  0 

.89 
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TABLE  II 


ORDINATES  FOR  0.35c^  AND  0 . 50c^  ELLIPTIGAL-NOSE  OVERHANGS 

[Stations  measured  from. forward  end  of  overhang;  stations 
and  ordinates  measured  in  percent  airfoil  chord] 


0.35c^  overhang 

0.50cf  overhang 

Station 

Ordinate 

Station 

Ordinate 

0 

0 

0 

0 

.05 

.21 

.03 

.21 

.12 

.42 

.15 

.42 

.18 

.62 

.36 

.62 

.50 

.83 

.65 

.83 

.81- 

1.04 

1.05 

1.04 

1.22  • 

1.25 

1.58 

1.25 

1.75 

1.46 

2.25 

1.46 

2.48  . 

1.67 

3.17 

1.67 

2.85 

1.75 

3.63 

1.75 

3.30 

1.83 

4.18 

1.83 

‘ 

3.90  . 

1.92 

4.87  • 

1.92 

4.92 

2.00 

5.86 

2.00- 

5.67 

2.02 

6.70 

2.04 

6.42 

2.00 

7.67 

2.06  • 

7.00 

1.97 

8.64 

2.04 

•  9.48 

2.00 

10.00 

1.97 

NATIONAL  ADVISORY 
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TABLE  III 


MODEL  CONFIGURATIONS  -TESTED 

[NACA  0009  airfoil  with  0.20c  flap  and  0.20c^  plain  tab;  tab  gap^  O.OOlcj 


Overhang 

Flap  gap 

6p  range 
(deg) 

C't  range 

(cieg) 

Figure 

Plain 

0.005c 

0  to  30 

0 

2,  14 

Plain 

Sealed 

0  to  30 

0 

3,  14,  19 

0.35c£'  blunt  nose 

0 . 005c 

0  to  25 

0 

4,  15 

0.35Cf  blunt  nose 

Sealed  ' 

0  to  25 

0 

5,  15 

0.35cf  elliptical  nose 

0.005c 

0  to  25 

0 

6 

0.35cf  elliptical  nose 

Sealed 

0  to.  25 

0 

7 

0.50cp  blunt  nose 

0.005c 

•0  to  25  , 

0  i 

8,  15 

O.SOcf  blunt  nose 

Sealed 

0  to  20 

0 

9,  15 

0.50cf  elliptical  nose 

0.005c 

0  to  25 

0 

10 

O.SOcf  elliptical  nose 

Sealed 

0  to  20 

0 

11 

Plain 

Sealed 

0  to  30 

-30  to  30 

16 

0.35c^  elliptical  nose 

Sealed 

0  to  20 

-20  to  20 

.17 

Plain 

Sealed 

0 

0  to  30 

18 

NATIONAL  ADVISORY 
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.  Blunt  nose  Elliptical  nose 


F/gure  F-A/ose  shapes  tested  on  O.FOc  flop  w/th  0>3FCf  and 
OFOCf  blunt-nose.  and  e///pt/ cat -nose  overhangs  on  NACA  0009  ^ 
a/rfo/f-  (For  ord /nates  of  e///pt/ca/-nose  overhang ,  see  tdb/e  U h 
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Fig 


'Angle  of  affacAyCCo  y  deg^ 

F/^c/re  2  >—Feroc/^/?<7/??/c  (Secf~/on  charocfer/st/co  cF 
an  /if AC  A  000 G  a/rfo/V  m'fA  a  0.20  c  p/o/n  f/ap 
F/ap.  gap,  0.005 c ;  fab,  0.20 Cf‘,  fab  gap,  0.00/ C’, 
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Flap  section  hinge-moment  Airfoil  section  pitching 

coefficient,  ci,.  moment  coefficient, 


/on  / 


/V(7p  sect/or?  /)/ngfe-/7?o/77ent,  y4/rfo//  sect/b/j  p/ifc/iin^- 

coeff/cieni ,  /no/nent  coe/fKc/en%Om 
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-Fig.  3  Cone. 


Ang/e' of  a^^ackyCCo,  ckg 
f/gure  'S  .-Cohc/uded^ 
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X 


x//>7€?//  secfyo/?  //'/y  coe/yy'cierrtj 
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Fig.  4 


-20  -IG  -/2  -6  -4  0  4-  8-  ja  16 

‘  An^Je  of  atfcfCk^  oCo  y  deg 

Figure  4.  -  Aerodgnamic  eecfion  choracter/sf/cs  .  ' 
of  a/? //A CA  0009  o/rfo//  /yvif A.  a  O.aOc  f/op 
hay//7g  a  0.3Sc^  oyer  fang  yy/ff  Jblunt  nose.  Flap 
gap,  O.OOScy  tab,  O.ZOcf',  tab  gap,  0. 00! c-,  6^  =  0°. 


NATIONAL  ADVISORY 
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Flap  section  /i/npe-moment  Airfoil  section  pitching- 

coefflcleni,Chr  -moment  coefficients  Cm 


A/rfb/V  ^eaf/o/7  ///^  coeff/c/ent.C. 


NACA  ARR  No.  LSPOS  -  Fig.  5 


F/^ure  ^  -Ferody/yamic  6ect/o/7  characfer/bt/c6  of" 
an  A/ A  O/}  000 9  a/r/b//  ;^///)  a  0. 2.0c  F/ap 
a  0. 36 Cf  oi>^er/7a/7g^  ^/fA  6/anf  nose  .  F/ap  pap:, 
sealed-^  tab O.ZOCf ;  fab  gap,  0.00 fc  -Sf  =  0^ • 

:  NATIONAL  ADVISORY 

COMMITTEE  FOtt  AEMMAUTICS 


F/Qp  ^ect/on  PPpe-moment  /4irfo//  secf/b/i  p/fc/?/r?p- 

coeff/c/entjCf^  ■  mo/Tyent  coeFyc/erft^Crr) 


/^/rfd/V  3€ct/or?  //ff  coe/^/c/e/rf,  C, 
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Fig.  6 


-IZ  ^  - 

-ZO  -16  '/Z  -8  -4  0  4  8  It  .  16 

.  /4ng/e  of  affacAy  occ ,  cfe<^ 

Figure  S  -Aerodg'oam/c  section  charc'cter/stfce  of 
on  //AC f  0009  a/rfo//  pv/ff  0.2.0c  f/op  fuy/ng 
a  O.SSCf  oi/erfang  pi/ifh  e/Upt/ca/  nose.  F/ap^ 
gap,  O.OOFc  -y  fab ,0.t0cf,  fab gop.^  O.OO/c^  0.^=0^. 
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/i/tfo/V  aect/o/7  //f/  coeff/c/e/?f,  c 
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Fig.  7 


14 

14 

1.0 

S 

.6 

0. 

-2 

'4 

-6 

-8 

HO 

H4 


■  -20  HG  Ha  -3,,  -4  0  4  8  13  16  ' 

Hng/e  of  or/farcky  oc^ , 

F/<^ur<9  7.  -Heroc/^na/o/c  secf'/on^  cfaracfer/st/cs 
of  an  //AC4  0009  a/ rfo/7  kv/f/?  a  0.40 c  f/op 
hoy/np  a  0. 36 ov<^n fang  tv/f/?  el/Ipt/co/  nose,  f Zap 
gap  sealed',  fah,p.aOcf^  fab  gap-,  0.00/ c 6^  =  0^“. 
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F/cfp  aecfio)!,  hi)nge-}77o/:r?ejF  .  FirF>//  secf/o/i  pifchihg- 
coeff/c/eni-.C}:,.  mo/nenf-  coeff/c/entyCfr,- 
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•  Fig.  7  Coi 

f 


Fr(^ure  _  7.  -  Concluded  • 
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Fig.  .  8 


-EO  -le  -la  -6  -4  0  4,  s  la  le 

Angle  o4  cr/f<7cA,oCo  ^c/egf 


Figure  Q i^Aerec/g/?am}c  eecf/on  character/st'ics  of. 
Ofn  A^ACA  0009  c/irfoi/  rv/fi?  a  OiZOc  f/ap 
haying  a.  0.50 Cf  oi/erJiang  w/fh  b/unt  nose-, 
Flap  gap,  O.OOSci  fab,u.ZOcf  fab  gap,  0.00 ic-, 

-  -  - 


y^in^o/V  <^ect/on  //ff  coeff/cient.c 


NACA/ARR  No.  L5F06  .  '  ,  ■  '  .  Fig.  9 


An^le  oA  attack jOpo 

Figure  9  .—Flero d^/ram/c  secf/hr?  charociFr/ct/cs  of 
.  at  AtACA  0009  -Cfirfoi/  M//t/?  a0.2,0cF/ap 
■hai//r?g  a  O-SOcf  di^^rtaag  M/itt  t/unt  noce.F/ap 
gap  sealed}  tabjO.ZOCf}  fob  gapy  O.OO/c-,  5^=0°. 
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F/op  section  hin^e- moment  /lirfo//  sect/on  pitching- 

coeff/cieni~3  Chf  j7?op7<p/7t  coe^ff/cientyCm 
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Fig.  9  Co 
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Al'rfoil  section  lift  coefficient ^ 
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-20  -/6  '-/2  -6  -4  '0  4  '  6  IS-  /6 

Angle  of  attack  ^.oCc^.  deg 


F/^ure  iO.  -  Aeroduna/n/c  6ecf/on  Qharc/cfer/sf/C6 
of  a/?  A^/iF/i  0009-  a/rfb//  a  0.2»0c  f/cfp 

hay/h^  d  0.  60c^  oi/er/7on(^  mf/i  e///pt/co/ 
nose.  Flap  gap,  0.005c fab,0.Z0cf  fab  gap, 
0.00/ c  }  6^=0^. 
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F/ctp  3ect/on  hmge-mo/Tieni'  Airfo//  section  pitching- 

coeff/cienty  c^  mo  went  coeff/cieni  y  CfT^ 


-ZO  -16  -IZ  -8  -4 


Ang/e  of  aitgi 
Fiaure  10.  ^  Conci Uded. 


'  /tirto/V  fSect/on  //ft  coeff/c/eJTt 
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Fig 


fjn^/e  of  oito'c/<pOCo,deg 


fvgare  //.  -  AQroc/^/?am/c  sect/on  characfer/sf/OiS 
of  ar?  At// CA  00 00^  a/rfo/7  iy/tt  o  O.  2pc  f/ap 
/lai^//?^  a  O.SOc^  overta/?^  ty/t/?  e///pt/ca/ 
nose.  Flap  gap  sealed y/a/o,  O.ZOcf  ‘)  fab  gap, 

0.00/ci  6^^0°. 
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F/cfp  sect/ 0/1  h/ng/(S-/7)o/r)ent  Alrfo/f  sect /on  pitch /ng 

coeff/c/ent ,  moment  coefficient,c^ 


Fig.  12 
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o  :/  .3  -■ 

^b/^f  > 

rfgure,  IE  .-  Varigf  ion  of  airfoil  sec  f ion 
I  if!  paramefers  wilh  overhang  on- 
NACA  0009 _  a/rfo/J-  A/ op,  O.EOc ;  f/op  gap ,  sea  lee/ 
one/  O’OOCc  ’  ToS,  O-EOeg }  top  gop,  0-00/c }  6f  =0°- 
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Sealed  gap 
— L-L-.I..  1... 

- 

0.005 c  gap 

..-j-.  L  t.,  1...- 
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F/gure  /3 .  -  Vor/of/on  of  f/op  sect /on  h//^ge  -  /norTienf  paranoefers  w/fh 

ha/once  '  chord  on  /\/ACA  0009  a/rfo//^  F/op  ,  OZOc  ;  gap,sea/ed 
(7/7c/ o.oodc.  Tah ,  O-ZOc^  ;  90p ,  0.00 /o  }  6f  =0°. 
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T/icremenf  pf  a/r/b//  sect/on. prof/7e-c/roff  coefTypientyAC^ 
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0  4  3  le.  16  ZO  U  Z8  <32 


F/ap  def/ecfloh,  c5^ ,  deg 

F/gure  Id- IncKemenf  of  o/rfb//  sect/o/j  profi/e-drag 
coeff/c/enf  caused  bg  deflection  of  a  0.2,0  c 
plCf/n  flap  With  gap  sealed  apd  w/th  O.  OOSc 
gap.  Tcfbj,0.Z0cf'f  pap,OX)Olc-,  S^=0° 


Jncremeni-  of  <y//7^/y  sect /0/7  prof//e~(f/z/^  coeft/cierf^z^Cj 


Fig. 


NACA  ARR  No.  L5F06 


Flap  defJectlohjSfjdeg 

Figure  IF  .-Increment  bf  oirtbU  cecf/on  profile -drag 
•coeff/cient  caused  by  def/ection  of  O.pOo  f/ajo 
bay/ng  0,36c^  and  0.60 Of  /bid nt- nose  ouerbangfs 
w/tb  gap  sealed  and  tv  it/?  0.006c  gdp. 

Tab^  O.ZO Cf  )  gap ,  O.OOIc} 
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A/rfoU,  sectfo/}  //ft  coefficient , 
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'Fig.'  16 


Angle  of  attack >  oc^,  deg 

F/(^ure^  /&  -  Aerod^/?Q/?7/c  sect /on  cAaracter/st/cs 
of  an)  A/AC A  u009  a/rfo//  iv/tA  a  0.20cf)/a/n 
flap  /lo/tn/ng  c7  0^20cf  plain  tab  wif/i 

F/ap  qao  sea/edj  tab  dap,0.00/c.  NATIONAL  ADVISORY 

^  '  COMMITTEE  FOR  AEROMAUTICS 
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r/gure  h 


^3c/yo/7  /7}>y^e -moment  coeff/c/^ntjCj^^ 


NACA  ARR  No.  L5F06  ,  .  '  Fig.  16  Cone 


Angle  of  attack,  oCo,  deg 
Figure  16  .-Concluded. 
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/}irfo/7  secf7or?  I/ff  coef//c/er?t,  c. 


Fig.  17 
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/}ng/e  of  affcrck  ^cco  p  de^ 


F/'^ufe  n  r  /lerodonam/c  secf/or?  charc/cf^rlst/C'S 
of  a/?  /l/z^C/}  0009  airfoil  w/th  a  O.ZOc  f/ap  . 
hair//?g  .a  0.3dfc^  Oi^erf  crdg  iv/'f/?  e//ipf/ca/ 
nose  (Xnd  O.ZdCf>  p/a/n  fob  w/fh  =  -  / 
Flap  gap  sea/ed ^  -tab  gap, 0.00! c.  ^ 


sect/o/7  hmgfe  -moment  Sd’c^/o/?  p/tct?ing- 

coe/T/c/e/Tt,  ch.  mome/Tf  coeff/c/ent^Cm 


sect/or?  ?7i/7(^e-momeir&  coeff/cienfyC^ 
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Fip. .  17  Cone 
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Figure  17  .-Conc/ude d. 
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Fig.  18 
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F/grare  /S-  -  Aeroc/ynam/c  secf/on  c/iaracfer/sf/cs 
of  A/ACA  0009  a/rfo/Z  w/tZi  O-ZOc  p/o/n  f/ap 
hav/ng  OAOCf  p/o/n  fob.  F/op  gap,sea/ecZ ifob 
qop ,  0-00/c  i  6fs0°- 

-  K  - 


r/cfp  sect /on  hi nge-mpmenf  AJrfo//  section  pitchfng- 

coefficientf  moment  coefficient^  Cm 
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Figure  l6 .  -  Continued. 
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Ang/e  of  attack ,  oCq,  deg 


Ft g a, re  16  -Concluded. 
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' ,  Angle  of  attach,  Oij  deg 

F/'gure  ! 9 rVan/fffyon  oA  nesulitjnt pressure  coefficient  across 
FAe  0.2.0c  plaih-fiap  nose  seal  lA'/fh.aag/e  of 
attack  on  an  f/Z/C//  0009  airfoi/.  Tab^  OZOCf; 
gap, 0.00/ c  -f  5^=0'". 
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F/gure  FO .  -  Var/at/on  w/t/7  /nferna/-do/ance  c/ior(F  of 
constant  H  used  /n  determ/n/ng  sect/or?  t?/nge-nio/77e/7f 
coeff/c/ents  of  p/a/n  O^^Oc  f/op  f/fted  w/tt?  /nterno/ 
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^STRACT: 


Blunt  and  elliptical -nose  overhangs  of  0.35  and  0.50  flap- chord  were  tested.  Aerod]mamic 
section  characteristics  are  presented  for  several  flap  deflections  and  for  sealed  and  un¬ 
sealed  flap  gaps.  A  0.20  chord-flap  tab  was  Investigated.  The  plain  sealed  flap  had  the 
largest  lift-curve  slope.  A  reduction  in  slope  was  caused  by  unsealing  flap  g^  which  In¬ 
creased  with  balance  chord.  The  effects  on  flap  hinge -moment  coefficient  of  sealed  or 
unsealed  flap  gap.  angle  of  attack,  flap  deflection,  and  nose  shape  were  also  determined. 
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